A novel endophytic filamentous bacterium strain A-T 7972 T , was isolated from wild orchid Grosourdya appendiculata (Blume)
The genus Verrucosispora was firstly described by Rheims et al. [1] as a member of the family Micromonosporaceae. Almost all of them were isolated from marine and mangrove habitats except Verrucosispora gifhornensis was isolated from a peat bog near Gifhorn [1] and V. sonchi which was isolated from the leaves of common sowthistle (Sonchus oleraceus L.) [2] . At the time of writing, this genus comprised nine species, with Verrucosispora gifhornensis as the type species [1] . Members of this genus, are characterized by the presence of single non-motile spores on substrate mycelia [3] . Aerial mycelia are scant [3] . Cells are Grampositive, non-acid-fast, and aerobic. The peptidoglycan of this genus contains meso-diaminopimelic acid. The wholecell sugars comprised of mannose and xylose. The predominant isoprenoid quinone is MK-9(H4). The phospholipid pattern is of type II and usually includes phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol mannosides and phosphatidylserine. Predominant cellular fatty acids are often present as iso-C 15 : 0 and iso-C 16 : 0 [1] [2] [3] [4] . Some strains of this genus produced bioactive compounds such as abyssomicin C [5] , abyssomicins G and H and atrop-abyssomicin C [6] , proximicins A, B, and C antitumor furan analogues of netropsin [7] and new diterpenes, gifhornenolones A and B from Verrucosispora gifhornensis YM28-088 [8] .
During a study on the diversity of endophytic actinomycetes in Thailand, strain A-T 7972 T was isolated from wild orchid Grosourdya appendiculata (Blume) Rchb.f. collected in Nakhorn Ratchasima Province, Thailand. The root was treated using surface sterilization technique by sequential immersion in 70 % (v/v) ethanol for 5 min and sodium hypochlorite solution (4 % available chloride, freshly prepared) for 5 min. Then the sample was washed with sterile distilled water three times to remove surface sterilization agents and soaked in 10 % NaHCO 3 solution for 10 min to disrupt growth of endophytic fungi. One gram of sample was cut into small pieces with sterilized scissors and then crushed in 9 ml sterile sodium dodecyl sulfate (SDS) solution (SDS 0.1 g, KH 2 PO 4 1.75 g, K 2 HPO 4 3.5 g, distilled water 1l) using a sterilized mortar and pestle, 10-fold serially diluted in SDS solution and plated on humic acid-salts vitamin agar [9] supplemented with 50 mg l À1 of nalidixic acid, 100 mg l C for 7 days. The 16S rRNA gene was amplified by PCR as described previously [12] [13] [14] . The PCR product of the 16S rRNA gene was sequenced by Macrogen Inc. using universal primers 27F, 518F, 800R and 1492R. The nucleotide sequences obtained from all primers were assembled using Cap contig assembly program, an accessory application in software BioEdit Sequence Alignment Editor (version 7.0.0) [15] . BLAST analysis was used to compare the almost-complete 16S rRNA gene sequences of strain A-T 7972
T with sequences of all recognized species of the genus Verrucosispora and related genera retrieved from the nucleotide databases (EzBioCloud's database ; [16] ). The 16S rRNA gene sequence similarities between species were calculated based on pairwise alignment using the EzBioCloud's database (http://www. ezbiocloud.net/identify; [16] ). Multiple alignments were carried out using CLUSTAL W [17] of the software BioEdit Sequence Alignment Editor (version 7.0.0) [15] . Phylogenetic trees were reconstructed by neighbour-joining [18] , maximum-parsimony [19] and maximum-likelihood [20] methods using using the software packages MEGA version 6.06 [21] . The neighbour-joining was calculated according to Kimura two-parameter model. The maximum-likelihood was calculated according to Tamura-Nei model. SubtreePruning-Regrafting (SPR) was used for maximum-parsimony search method. The robustness for individual branches was estimated by bootstrapping with 1000 replications [22] . DNA-DNA hybridization was carried out in microdilution wells plates using a photobiotin-labelling method as reported by Ezaki et al. [23] and was determined using a colourimetric method [24] . DNA-DNA relatedness values (%) were calculated according to the method of Ezaki et al. [23] with three replications. The G+C content of the genomic DNA of strain A-T 7972
T was determined using the HPLC method of Tamaoka and Komagata [25] after treatment with P1 nuclease and alkaline phosphatase. HPLC was carried out using a Shimadzu LC-6AD apparatus equipped with a Cosmosil 5C 18 -AR column (4.6Â150 mm; Nacalai Tesque). T and members of the genus Verrucosispora revealed that strain A-T 7972
T was a member of the genus Verrucosispora and that it was clearly separated from its closest relatives. The G+C content of genomic DNA from strain A-T 7972 T was 70.5 mol%. DNA-DNA relatedness levels of strain A-T 7972
T compared with V. lutea NBRC 106530 T (YIM 013 T ) was 33.7 ±0.6-48.6±1.6 % and V. gifhornensis DSM 44337 T was 32.4 ±1.7-45.1±1 % (Table S1 ) which are significantly below 70 %, the cut-off point recommended by Wayne et al. [26] for the delineation of separate bacterial species. Results of 16S rRNA gene sequence analysis, phylogenetic relationship and DNA-DNA relatedness were sufficient to categorize strain A-T 7972
T as distinct species from previously described Verrucosispora species.
Morphological characteristics of strain A-T 7972
T after cultivation on soil extract agar [27] and ISP medium no. 4 at 30 C for 14-21 days were observed under a light microscope (model CX 31; Olympus) with a 40x long working distance objective lens (model LUCPLFLN40XRC; Olympus) and a scanning electron microscope (model JSM-5410 LV; JEOL). The samples for scanning electron microscopy were prepared as described previously [28] . To observe spore motility, the strain was grown on ISP medium no. 4 at 30 C for 21 days, flooded with 0.1 M potassium phosphate buffer (pH 7) at 30 C for 30 min and observed with a light microscope. The standard methods of Gram staining and Ziehl-Neelsen acid-fast staining were used [29] . Growth under anaerobic condition was determined using ISP 2 by incubation in an anaerobic chamber for 14 days. Phenotypic characteristics were examined using several standard methods. Cultural characteristics of strain A-T 7972 T compared with V. lutea NBRC 106530 T (YIM 013 T ) and V. gifhornensis DSM 44337 T were determined on various media described by Shirling and Gottlieb [10] , ISP medium no. 2, 3, 4, 5, 7 and yeast extract-starch agar [27] , following an incubation at 28 C for 14 and 21 days. The ISCC-NBS colour charts [30] were used to determine colony colors. Temperature and NaCl tolerances were determined using ISP medium no. 2 as a basal medium after 2 weeks of incubation. Temperature range for growth was determined at 20, 25, 30, 37 and 45 C. NaCl tolerance was determined with 1, 2, 3, 4 and 5 % (w/v) at 28 C for 14 and 21 days. pH range for growth was determined using ISP medium no. 2 broth at pH 4.0-11.0 (intervals of 1.0 pH unit using biological buffers: phosphate, citrate, bicarnonate-carnonate buffer) at 28 C for 14 and 21 days. Carbon source utilization was tested using ISP medium no. 9 medium as a basal medium [10] supplemented with a final concentration of 1 % of the carbon sources. Hydrolysis of various compounds was examined using a basal medium recommended by Gordon et al. [31] . Tests in the API-ZYM (BioMerieux) commercial system were performed according to the manufacturer's instruction. Catalase activities were determined using the method of Greenwood and Pickett [32] . Gelatin liquefaction, peptonization of milk, reduction of nitrate and hydrolysis of starch were examined through cultivation on various media as described by Arai [33] and Williams and Cross [34] .
Strain A-T 7972
T had characteristics typical of the genus Verrucosispora which developed single non-motile spores (0.6-1 µm in diameter) with warty surface on substrate mycelia (Fig. 2) . Fragmentation of substrate mycelium was not observed. The cell was Gram-positive and non-acid-fast. Phenotypic characteristics of strain A-T 7972 T compared with V. lutea NBRC 106530 T (YIM 013 T ) and V. gifhornensis DSM 44337
T were indicated in detail in Table 1 and species description. Strain A-T 7972 T grew well on ISP medium no. 2, 3, 4 and 7, moderately on yeast extract-starch agar and weakly on ISP medium no. 5. The colour of substrate mycelium on these media was moderate orange to deep orange. Soluble pigment was not observed on the media used.
Freeze-dried cells used for chemotaxonomic analyses were obtained from cultures grown in ISP medium no. 2 broth on a rotary shaker at 200 r.p.m., 30 C for 7 days. Isomer of diaminopimelic acid in the cell wall was determined using the method of Staneck and Roberts [35] . The acyl type in muramic acid of the peptidoglycan was determined using the method of Uchida and Aida [36] . The reducing sugars
Verrucosispora gifhornensis DSM 44337 T (Y15523)

Verrucosispora maris AB-18-032 T (CP002638)
Verrucosispora fiedleri MG-37 T (JQ423921)
Verrucosispora sediminis MS426 T (EU870859)
Verrucosispora wenchangensis 234402 T (HQ123435)
Verrucosispora andamanensis SP03-05 T (JX524154)
Verrucosispora lutea YIM 013 T (EF191199)
Verrucosispora endophytica A-T 7972 T (MF033262)
Xiangella phaseoli NEAU-J5 T (JQ073732)
Jishengella endophytica 202201 T (EU560726)
Verrucosispora qiuiae RtIII47 T (EU427445)
Verrucosispora sonchi NEAU-QY3 T (KT633950)
Salinispora pacifica CNR-114 T (DQ224161)
Salinispora tropica CNB-440 T (CP000667)
Salinispora arenicola CNH-643 T (AY040619)
Plantactinospora veratri NEAU-FHS4 T (KF888635)
Plantactinospora sonchi NEAU-QY2 T (KM108473)
Micromonospora sonneratiae 274745 T (JQ619535)
Micromonospora pattaloongensis TJ2-2 T (AB275607)
Micromonospora eburnea LK2-10 T (AB107231)
Micromonospora zamorensis CR38 T (FN658656)
Prauserella rugosa T and other related taxa. The phylogenetic tree was constructed by using the neighbour-joining method. Prauserella rugosa DSM 43194
T was used as an out-group. Asterisks represent clades that were also recovered with the maximum likelihood and maximum-parsimony algorithms. Numerals at nodes indicate bootstrap percentages derived from 1000 replications (only values greater than 50 % are indicated). Bar, 0.01 substitutions per nucleotide position. compositions in whole-cell hydrolysates were analysed using thin-layer chromatography (TLC) cellulose according to the method of Komagata and Suzuki [37] . Polar lipids in whole cells were extracted and analysed by two-dimensional TLC according to the method of Minnikin et al. [38] . Cellular fatty acids were prepared and analysed following the instructions of RTSBA6 method of the Microbial Identification System (MIDI, Sherlock Version 6.2B) [39] . The presence of mycolic acids was investigated by TLC according to the method of Tomiyasu [40] . Menaquinones were extracted and purified using the method of Collins et al. [41] and analysed using reverse-phase HPLC [Cosmosil 5C 18 column (4.6Â150 mm); Nacalai Tesque] with a mixture of methanol and 2-propanol (2 : 1, v/v) as elution solvent [42] .
Isomer of diaminopimelic acid in the cell wall of strain A-T 7972 T was meso-diaminopimelic acid. An acyl type of the cell-wall muramic acid was glycolylmuramic acid. The reducing sugars in whole-cell hydrolysates contained mannose, ribose, glucose and xylose (whole-cell sugar pattern D of Lechevalier and Lechevalier, [43] ). Menaquinones were MK-9(H 2 ) (6.4 %), MK-9(H 4 ) (87.8 %), and MK-9(H 6 ) (5.8 %). Phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides were detected, while phosphatidylcholine was not detected (Fig. S2) . The branched fatty acids iso-C 16 : 0 , and iso-C 15 : 0 were major fatty acids (>10 %) and branched fatty acids anteiso-C 15 : 0 , anteiso-C 17 : 0 , unsaturated fatty acids C 17 : 1 !8c and 10-methyl 16 : 0 were found in moderate amounts (Table S2 ). Mycolic acids were absent.
The phenotypic characteristics of strain A-T 7972 T compared with those of the two other recognized species of the genus Verrucosispora (Table 1) showed that the novel strain did not produce soluble pigment, alkaline phosphatase, esterase lipase (C 8), valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, while V. lutea NBRC 106530
T (YIM 013 T ) and V. gifhornensis DSM 44337
T produced ( Table 1) . The strain A-T 7972 T could utilize D-fructose, inositol, D-mannitol and L-rhamnose, whereas the other species could not. The DNA-DNA relatedness values less than 70 % were observed between strain A-T 7972
T and type strains of the closest species. Based on phenotypic, chemotaxonomic and genotypic characteristics, strain A-T 7972
T represents the novel species of the genus Verrucosispora for which the name Verrucosispora endophytica sp. nov. is proposed.
DESCRIPTION OF VERRUCOSISPORA ENDOPHYTICA SP. NOV.
Verrucosispora endophytica (en.do.phy¢ti.ca. Gr. pref. endo within; Gr. n. phyton plant; L. fem. suff. -ica adjectival suffix used with the sense of belonging to; N.L. fem. adj. endophytica within plant, endophytic, pertaining to the isolation of the type strain from plant tissues). The type strain is A-T 7972 T (=BCC 50981 T =TBRC 6031 T =NBRC 112512 T ). The type strain was isolated from wild orchid Grosourdya appendiculata (Blume) Rchb.f.
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